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Abstract

Anthraquinone is an interesting dye that can be used in many applications. It
has an ability to be act as an electrochemically active label and can be used as a
quencher. This work focuses on the synthesis of derivatives of anthraquinone to be
used as a quencher in fluorescence PNA probes previously developed in this group by
attaching two dyes at the same end of a probe. One of the dyes is acting as a
fluorophore and the other is anthraquinone which acts as a quencher. The strong
interaction between the two dyes in single stranded probes lead to a low fluorescence
emission. In the presence of DNA target, the anthraquinone separates to form a base
stack with the terminal base pair of the PNA-DNA duplex, resulting in an increased
fluorescence. However, in previous work, the efficiency of the simple anthraquinone
quencher was low therefore the signal change of the probe for DNA detection was not
yet optimal. To improve the quenching ability of anthraquinone, derivatives of
anthraquinone with more conjugation has been synthesized with the aim to increase
the absorption of anthraquinone. The starting material 1,4- dihydroxyanthraquinone
was converted into 1,4-bis(tosyloxy)anthraquinone by tosylation. Single substitution of
the tosylate by an alkylamino or arylamino group by nucleophilic aromatic substitution
resulted in  1-(cyclohexylamino)-4-(tosyloxy)anthraquinone  and  1-(anilino)-4-
(tosyloxy)anthraquinone. Subsequent hydrolysis under basic condition gave the
product 1-(cyclohexylamino)-4-hydroxyanthraquinone. The structure of which was
confirmed by 'H NMR technique. In the final step, the obtained
aminohydroxyanthraquinone will be joined with a carboxyl group for attachment to
PNA in order to act as a quencher in fluorescence PNA probe for DNA base sequence

detection with high efficiency.

Keywords: anthraquinone, quencher, fluorescence PNA probe, tosylation reaction,

nucleophilic substitution reaction, hydrolysis reaction
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acpc 2-aminocyclopentanecarboxylic acid
aeg N-2-aminoethylglycine

CDCl, deuterated chloroform

d doublet (NMR)

dd doublet of doublets (NMR)

DNA deoxyribonucleic acid

DMSO dimethyl sulfoxide

g gram

"H-NMR proton nuclear magnetic resonance
Hz Hertz

J coupling constant (Hz)

L Liter

m multiplet (NMR)

mg milligram

mL mililiter

m/z mass per charge number of ions (mass spectroscopy)
M molar

MHz Megahertz

PNA Peptide nucleic acid

S singlet (NMR)

t triplet (NMR)

Ao maximum absorbance wavelength (ultraviolet spectroscopy)
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UM 1.10 L@UNNNTEUATIZRETAIUATN

WU 1986 Zielske™ lévinisveaeanieuans  aminoanthraguinones 911
(tosyloxy)anthraquinones Tnedthnuediernisduaszi unsymmetrical 1,4-
bis(tosyloxy)anthraquinone FaAnlilaenu amino(tosyloxy)anthraquinone Feluanuideves
Zielske Hdnduneulunsdunsed amino(tosyloxy)anthraguinone ah 1,4-
bis(tosyloxy)anthraquinone lngn1sandndgnutediulu dichloromethane ﬁqmw{]ﬁ 40 °C agleans

71l yields nAdwedunlddlutudu alkyl-substituted Fuduisnsiigmaaeslaihunldlunuided



R Ro Ri Ry
O OTs O N o) N
R3R4NH
)+ ren —= (LT~ OO
O OTs O OTs O N,
Ry Ry

< o ¢ ! .
JUN 111 UHUNINNITEIATIZI aminoanthraquinone

1.4 JqUsrasAuasvaulunn1sINg

[y

Tuauided

a v

TnUsrasAieIzduaTIziounusvaIwaunsIAdluuslalvndlnenisiiumy
woafaerilunioleTaesdluuulImIvYeIuauNIIAIlUY WauANa1nsalunsaAnduLalag
nsuiuAeugndy Tuvasidertuimunyasvendaieilu@eusreduioweliBnaunils lagly
Adetiazldans 1,4-lalansenduounsiadluuluaisisiu lnawdsulidusyiuslainda a1ty
Wuvjueafanieledaeziilulagadeujiseununuuuiindlefanuulterlsunfnveindasend
wounsIMILUUBIT R 9 ndussviujisenlslasadanewua (basic hydrolysis) neuazunluse
1Y) ' ¢ a A o a N’ = 1Y A o Y s o v oa

Aungasuenda wistlufnuuiiowe Wneddmuiegaieietrluldiduauwe sdmsuiiy

Usgansnmvesngesisawudfivduelnsu (fluorescence PNA probe) sialy

OTs O OTs O OH
D e B —— C
O OTs O NHR O NHR
OH
o otk o otk PNA
“ o)
WA GPr R Gian
OprllliiEs O NHR

R = phenyl-,cyclohexyl

A g 1 a d‘ ¥ o tﬂl L2 =
JUN 1.12 wnunsdaasiziluanaimugesiunguueunsailuuiniouaziluweniuiiduwe
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unl 2
N1INMEBDN

2.1 MensiaTesile gunsel uazansiadl

2.1.1 \nvesilouazqunsal

- msdamiinans: 13esds 4 saumis DKSH §u AND GR-200

- AsvinlEn s m%a%mqﬁymﬂmﬂ (diaphragm vacuum pump) u JK-DVP-0.5A 8o
JKI

- Myigatienanualmeinaia 'H NMR (proton nuclear magnetic resonance): A3
Varian Mercury-400 NMR spectrometer fiaud 400 MHz

2.1.2 @15\Adl

- mié’qmesﬁaqﬁuﬁ‘mmawwﬁiuu lauA 1,4-dihydroxyanthraquinone 910 Acros, P-
toluenesulfonyl chloride, cyclohexylamine 310 Fluka, aniline 3101 UNIVAR, triethylamine 310
Merck

- fhavanedunsdluiin analytical grade laun ethanol, acetonitrile, dichloromethane,

acetonitrile, ethyl acetate, acetone a1n RCl Labscan, Thailand k&g hexane 910 Scharlau

2.2 MIFauns1evioyRusraEIsLauNIIAT lUY

2.2.1 NM3&UATIYY 1,4-bis(tosyloxy)anthraquinone (1)

ON
/S\\
O OH o o ©
p-toluenesulfonylchloride
>
MeCN,Et;N reflux, 2.5 h
O OH 0 0..0
S
1,4-dihydroxy anthraquione 1

=l o ¢
JUN 2.1 urunInnITdATIERENT 1

Fenuisnnsves Zielske” lowavany 1,4-dihydroxy anthraquinone (1.031 g, 4.2 mmol)

lusvinazane acetonitrile 30 mL LAy p-toluenesulfonyl chloride (192 mg, 10 mmol) taz
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triethylamine 3 mL vhns3ndndi 85 °C WHuan 2.5 $alus 91ntfuriing evaporation a4
acetonitrile 9niuavanevewdeiie dichloromethane wazafindutn 3 afdaefiudy orsanic
phase (Fudne) 1§ magnesium sulfate Mdntiwae sntuinsannEnasiagld hexane M¥ou
ihluurlugrshudauasvhnisnsesagannia eldnandausidurendidviossou 2.0608 g (90.2
%yield) 1H NMR (400 MHz, CDCls) & 8.02 (s, 2H), 7.84 (d, J = 8.1 Hz, 4H), 7.72 (s, 2H), 7.49 (s,
2H), 7.32 (d, J = 7.5 Hz, 4H), 2.40 (s, 6H)

2.2.2 M3&AT184 1-(cyclohexylamino)-4-(tosyloxy)anthraquinone (2)

0, Oy
Sa . "S.
o Ol 0 cyclohexylamine > OI o
L - (LI
CH,Ch

2

o 0,0 O N
.S H
"Q

=l o ¢
JUN 2.2 LHUNINNITEUATIZUENT 2

11 @15 1 (0.5054 g, 0.91 mmol) agaelu dichloromethane 20 mL @x cyclohexylamine
(1 ml, 8.7 mmol) ﬁﬂﬂﬁﬁﬂé’ﬂ%ﬁqmwgﬁ 40 °C e 12 Falas Mndussmeivhazaisoon wa
azangvewdefivaedie dichloromethane a1ntuvinnsanaznauansineidin hexane Wiluutlugns
51LLGﬁﬂLLazﬁﬂmimaqqzygyﬂmﬂ agladuroaudadung ﬁwlﬂﬁﬂﬁu’%qwé‘lmaﬂaé’uﬂmm‘[msﬂ (15
% ethyl acetate in hexane) lenandaeiduremdsduns 0.3481 ¢ (79.7 %yield) 'H NMR (400
MHz, CDCl;) & 10.75 (s, H), 8.28 (d, J = 7.2 Hz, H), 8.26 (d, J = 7.2 Hz, H), 8.19 (d, J = 7.6 Hz,
H), 8.17 (d, /= 7.6 Hz, H), 7.94 (d, /= 8.3 Hz, H), 7.92 (d, /= 8.3 Hz, H), 7.88 (d, / = 8.1 Hz, H),
7.65(d, J=8.9 Hz, H), 7.63 (d, J = 8.9 Hz, H), 7.40 (d, J = 8.1 Hz, H), 3.58 (m, H), 2.45 (s, 3H),
2.08-2.11 (m, 2H), 1.90-1.93 (m, 2H), 1.64 (m, 2H), 1.31 (m, 2H)
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2.2.3 M3&4A3189 1<(anilino)-4-(tosyloxy)anthraquinone (3)

P aniline ,S\\

DMSO reflux, 8 h

a . ¢
JUN 2.3 LHUNIWANTHWATIZVIANT 3

aza1® @15 1 (0.3012 g, 0.55 mmol) Tu dimethyl sulfoxide 20 mL waadx aniline asly (6
ml, 0.07 mol) ¥in153dndfigaungi 130 °C lunan 8 Falus ntulsssmedhazaisoon way
avanevosudefindedae dichloromethane wazariniuti 3 adalasifiudu organic phase (Fuans)
14 magnesium sulfate frdntnfinde theodsildluvliuianslngrodnilasuilnnnd %
acetone in hexane) laudn daaiduaesudaduaa 0.0805 ¢ (33.0 %yield) 'H NMR (400 MHz,
CDCls) & 11.54 (s, H), 8.22 (d, J = 5.9 Hz, H), 8.20 (d, J = 5.9 Hz, H), 8.04 (d, J = 6.4 Hz, H), 8.02
(d, J = 6.4 Hz, H), 7.85 (m, H), 7.84 (m, H), 7.73 (d, J = 6.4 Hz, H), 7.43 (d, J = 6.2 Hz, H), 7.41

(d, /=6.2Hz, H), 7.38(d, J = 6.2 Hz, H), 7.27 (m, H), 2.36 (s, 3H)
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2.2.4 M58A3189 1-(cyclohexylamino)-4-hydroxyanthraquinone (4)

KOH
999 -
EtOH s
OH reflux, 2 h o N
O N H
H

=l o ¢
JUN 2.4 ununmnsasATIEnaEns 4

%3 815 2 11 0.0515 ¢ (0.11 mmol) LAy potassium hydroxide (0.1230 g, 2.1 mmol) wag
ethanol 2 mL uagvhmsindndionmad 120 °C Hunm 2 Hlas ntuuiviiesliduna
fy 10% hydrochloric acid dedinthadd 2 mL fnsanssnewvesdaintu Suilunses
anynndldnansusiiduveaudedthiu 0.1180 ¢ (32.0 %yield) ) 'H NMR (400 MHz, CDCL) &
10.53 (d, J = 7.4 Hz, H), 8.36 (d, /= 7.9 Hz, H), 8.34 (d, J = 7.0 Hz, H), 7.79 (d, J = 7.1 Hz, H),
7797(d, J=71Hz, H), 772 (d, J= 7.5 Hz, H), 7.25 (d, J = 7.5 Hz, H), 5.36 (s, H), 3.62 (m, H),
1.84 - 2.06 (m, H), 1.84 - 2.06 (m, H), 1.47-1.66 (m, H), 1.25 (m, 2H), 1.25 (m, 2H)
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unfl 3

NaN1INAaBILaraAUIIUNaNIITVIAABY

3.1 myduasizvianslunguusunsiniluy

£
v Va

TurmAdediifelifunuiissdunmgiaslunduuounsailuwiomn 4 «da ldun 1 4
bis(tosyloxy)anthraquinone (1), 1-(cyclohexylamino)-4-(tosyloxy)anthraquinone (2), 1-(anilino)-
4-(tosyloxy)anthraquinone (3) uag 1-(cyclohexylamino)-4-hydroxyanthraquinone (4) uansnagy
]

3.1

o’ O N
H
ans 1 @352
s O OH
o 00

[y

:J Y i a o a &

JUN 3.1 Inssadsvesansiunguueunsimiluuiduasizilaluauided

413 1 1 JuBuwesiifisndniunisdunsiziians 2 waz 3 astdunszildlagondoufisen
tosylation 984 1,4-dihydroxyanthraquinone #13135n15v84 Zielske Tuufiisenil viaf -OH Nda1y
wuwlureIdiinaseuawimimduiaadlelnd wWildviugaseununaaeiulu tosyl chloride

& = a a s o <l
nurzgnaluslanlunmsua adulndaneanes (tosylate ester) fegui 3.2



15

e © O
. ) o Qi R-0-&4—R
R-OH + R—S-CI| —» R-0-SC —> >0
.o 1 | I Rl H O
(@]
€] )
Base
R—O—ﬁ—R‘ + BH + ClI
(6]

§1J17|' 3.2 LNUNINA5EATIZIL,4-dihydroxy anthraquinone (1)

nUfAzetiazlaans 1 \unsdiniossoulnefiUsunanandndu 90.2 %yield Fuiipuiss
[y a v . 24
16 funuITeves Zielske

v 1 ) Y P = 1% 1Y) vy a 24
doya HNMR awnaiuvesans 1 idudsuantuguil 3.3 Geaenndesiuenansdnsds uas

[
v a

A0 NATIZA LA IT

PROTON_01 SEgReR S

di-OTs-hydroquinone CSEHE S n | ‘ 110

-CH, H,0
z 100

codl,
6 90

80

[-70

2,3 60
3,5 2 L so
L. 2,6 3
6" &+ 40
-
6,7 5.8 30

[-20

~-10
T

T T T T T T T T T
5.0 4.5 4.0 ) 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

r T T -

T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 S5

U 3.3 "HNMR 283815 1 (400 MHz, CDCLy)

15 1 fasvadadunuvauuns fid1 chemical shift fail

Fuaras 8 8.02 (s, 2H) WJulusnauvesnsuausiumisi 6,7 vuseglsunfinvadlasadmanweun
51A7 LU

Funraw 8 7.84 (d, J = 8.1 Hz, aH) Wulusneuvesnsuauuueglsinfndunisd 3, 5 Yo n

FLan
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e 8 7.72 (s, 2H) ulusneuvesnsuausiumiad 5,8 vwiserlsufnvedlasiadrvdnuey
NIIAIU
Fuara § 7.49 (s, 2H) Wulusneuresnsuawsiumiaf 2, 3 vuserlsinfnvedassadmdnuey
NIIAIU

[y

doyaas 6 7.32 (d, J = 7.5 Hz, 4H) \Uuldsmouvesiseslsunfndiunisi 2,6 vesmylvdian
doyaas & 2.40 (s, 6H) Uulusmouvesemuiia (methyl) Uwiseglsunfnsuniei 4 veamnying
a9

foyeyreu 6 1.50 1 u H,0 Musnumvhavaie

Tuguneusely iunisununnndanidu leaving sroup AfluaIs 1 698 cyclohexyl
amine kag aniline MY3ENSFUATIZYV Zielske Indu @13 2 uay 3 mua1au a1 2 Wuned
wA9a39 IuSununandndy 79.7 %yield @15 3 WunsddaanasiuSununananidu 33 %yield

1% 1 ) Y = o w
Joya HNMR awnasuvesans 2 uaz 3 Wudwwandluguil 3.4 uaz 3.5 muaeu

Dec18-2017-tkk003 P angenumogangs oo

mmmmmmmmmmmmmm
S001 66066 NN NN NN N NS
chula_proton64 e e e

mmmmmmmmmmm

NN N

—530

—358
4
1
0
9
9
7
7
3
6
5
2

-CH,

T T T T T T T
13 12 11 10 9 8 7 6
f1 (ppm)

U 3.4 "HNMR 283815 2 (400 MHz, CDCLy)

[

a v 1 [ &
anunsadasiziideya H NMR a3 2 lagail

Foye1u & 10.75 (d, J = 7.4 Hz, H) Uulusmouremiadiu (amine)

- 24000

-22000

[-20000

[~ 18000

- 16000

14000

12000

10000

- 8000

I-6000

[~4000

-2000

--2000
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Yoyoyrew & 8.28 (d, J = 7.2 Hz, H), 8.26 (d, J = 7.2 Hz, H), 8.19 (d, J = 7.6 Hz, H), 8.17 (d, J = 7.6
Hz, H), 7.88 (d, J = 8.1 Hz, H), 7.40 (d, J = 8.1 Hz, H) {Julusnourespsuousumisi 7, 6, 8, 5, 2
LAY 3 MUAIRU UUNDElTANUIlATIASINaNLOUNTIAI U
duu 8 7.94 (d, J = 8.3 Hz, H), 7.92(d, J = 8.3 Hz, H), 7.65 (d, J = 8.9 Hz, H), 7.63 (d, J = 8.9
Hz, H) Wulusmeuvenseslsmndnsumisdl 3, 5, 2’ uaz 6 aud iy vesvyindian
dyaad O 358 (m, H), 2.08 - 2.11 (m, 2H), 1.90 - 1.93 (m, 2H), 1.64 (m, 2H), 1.31 (m, 2H) 1Ju
TUsmauresmsusuvwisialaalendatediy

doyayras 6 2.45 (s, 3H) WulUsmeureswamyufiavuneslsinfindunid ¢ veamyindian

PROTON_01
S-002

Ao o o

0.85

mmmmmm

1152

1

0

8

8

7

4
—527
—5.10
395
\233
—20

/165

far'el

- CH,

T T T T T T T T T T T T
13 12 11 10 9 8 6 5 4 3 2 1 o -1
f1 (ppm)

U 3.5 'H NMR 989815 3 (400 MHz, CDCL)
warannsnleTeitoya ‘H NMR vasans 3 16l

foyeyreu O 11.54 (s, H) NH TUsnauvaayieiiu
Yoyoyrew & 8.22 (d, J = 5.9 Hz, H), 8.20 (d, J = 5.9 Hz, H), 8.04 (d, J = 6.4 Hz, H), 8.02 (d, J = 6.4
Hz, H), 7.43 (d, J = 6.2 Hz, H), 7.38 (d, J = 6.2 Hz, H) {Julusnourespsuousumisi 7, 6, 8, 5, 2
Wag 3 MUAIAU UUIELITUIANUDlATIES 1 IUANLOUNTIAT LU
Funr & 7.73(d, J = 6.4 Hz, H), 7.41 (d, J = 6.2 Hz, H) 18ulusneuveriseslsufnsumsd 3,
5, 2 uay 6’ aua1iu veemylngian

[y

deysyeu O 7.85(m, H), 7.84 (m, H) Hulusnourensezlsunindunad 2", 6", 3" lay 5"

55

50

45

40

35

30

25

20
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PINAINU VUNDELINIANVDY aniline
Fua & 7.27 (m, H) Julusneuvesneslsunfindumisi 4 vwiseslsunfnves aniline
dwan O 236 (s, 3H) L{‘Juiﬂimaumawawyjmﬁaumqaz‘[amﬁneﬁ’%mmﬁ & Yomylndian
(tosylate)
Fuaras & Tute 1.00-2.50 Wulusmeuveslalnsasuaudionafinuniu hexane Aildlunisviaedu

Tasulnns i

Ufiseumunivesans 1 laduans 2 uaz 3 arnduiariunalawuy nucleophilic aromatic
substitution Inevyansuelialuweunsiadlunyininifdidnaseu vliauruwiuredidnnseu

Turawnwinas lnenyansusllavisaesdemansenusiayndiunis Jufnudiseununlaieg dwandy

o
JUn 3.6
O OTs = h {OTsO np, (0Ts0 @ ]
S . .
',‘_/NHz’R ~39 NH,R o NHo R
) —— ~— (Y]
O OTs O OTs O OTs
€]
( Base
H R Y
o N O NHyR
) —— QL
le} OTs (6] OTs
Q
OTs=—O—§O
0

EUﬁ 3.6 nalnn1sinUfAsen nucleophilic aromatic substitution

Tunausiobldunisdunsisiians 4 Jalivgilueadasuiethluseduminisuendasely ansil
o ) ¢ v Y] S a ° aa a ) . 25
duareilalagerdenislelasladmeivaiieidavyingian lngvieadsidediu Xiang uazmne
Taans 4 Juvesdedntu SuSinumandsdu 32 %yield Fenalnnisiialelasadavesdaliiunied
wesaaneiumsuendianieaas  ualgnsenlen  (OH) Wrluruidamesornauuaiiin
pentacoordinate sulfur intermediate 7iflUszgauieandiauesney NUUUTEIAUIE delocalize

navas lavguedn (Ar0) sen Wndndusidulansendueunsiailuunudenis
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o 1 @ Y - = a Yo 1 &
Joya HNMR awnasuvesas 4 Wudwwandlugui 3.7 Ssaunsodnsieiladssieludl

Erc21-2017-tkk002 :E sassy | exok 38 3 55533852%%
Cc2 es ©wwaw NNk 5 - NNaaS2333
dhula_protonB ' 3 = 4 | N ==
3.5
[@ria
@
8,52 2,6
I
x'3 ,
1’
! 1
NH N
1- OH \J\\
1
LJ. ujJ‘L J

600

550

500

450

400

350

300

250

200

150

100

50

T T T T T T T T T T T T T T
13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1
f1 (ppm)

Ul 3.7 'H NMR w8915 4 (400 MHz, CDCL)

Feyey1u & 13.84 (s, H) 1umy OH

Foyey1u & 1053 (d, J = 7.4 Hz, H), \Julusmeuveamyiodiu

Soyeuieu 8 8.36 (d, J = 7.9 Hz, H), 8.34 (d, J = 7.0 Hz, H), 7.79 (d, J = 7.1 Hz, H), 7.77 (d, J = 7.1

Hz, H), 7.72 (d, J = 7.5 Hz, H), 7.25 (d, J = 7.5 Hz, H) {Julusnourespnsuousumisi 7, 6, 8, 5, 2

Wag 3 MUAIRU UUIELTUIANUDATIAS 1WA NLOUNTIAT LU

doyaias 6 5.36 (s, H) Wulusneuvewmylansend (hydroxy) Fsunis 1 vuneslsufinves

1ASIETNUANLOUNIIAI WY

dus O 3.62 (m, H), 1.84 - 2.06 (m, H), 1.84 - 2.06 (m, H), 1.47-1.66 (m, H), 1.25 (m, 2H),

1.25 (m, 2H) Wulusmauvasnsuausunus 17, 2, 6, 4, 3 waz 5 vwdkalaaendaiaiiu
1NN1IMAaes ansaduassiaslavadu 4 vie T,ﬂaiﬁLLazﬁﬁgumausmﬁwﬁﬁ%mmﬁﬁ

4w . = =
NeIT8e naenIu % yield muniseylugun 3.8



O OH O OTs O OTs
O‘O TsCl, MeCN, Et;N O‘O RNH, O‘O
reflux 2.5 h, 90.2% reflux
O OH O OTs O N,
H R

(R=cyclohexyl, 79.7%)
(R=phenyl, 33.0%)

Y

KOH, EtOH O‘O
reflux 2 h
H R
(R=cyclohexyl, 32.0%)

[

PN o 4 ' a = ' » a &
JUN 3.8 urun1nnsduaTIsaslunguLeunAIluLTINENEN1IRaEAY % vield Tuawided

Tumsnaasstufiodeuiiseniindlefdnuuiseslnninvesindasondueunsailuulngly
llnalondatoiiu uavezddy wWiolhinduas 2 uas 3 mudisuiiu wudn % yield vosans 2 And
a3 3 170 Feefureliananuduiindlelndnanasveses daudefisuivlelaaiendatediy
iesainnsiladaladvesdidnnseudlanifsivululasiouesenitnluluraumuiuudy Saanansa

Annsunuinindanluans 1 leinnilelaaendaaniu

1nfimaliTmniiyaeuginduliuinduludiuiwniuves anthraquinone 8381wy

UsrAnsamlunisganfunadieglutisnnueneiuiuinduuagyilinisviminlunisiniuglead

' [ [
a e Y v ada A =) =

Usg@vEn1niiaau Fanteyavetans 1, 2 way 3 Nduaszvlaiulidmdes duns uazdilmiudidu
LALAINNANNITS09E ANt duan £VOUBDNUUALANTITAANAUANATIUNAY AIliuans 1, 2 uae 3

1%
o a I~

gaAnduLasdilg, Werdy azwmdes mudnu laguasdindesaziinnnugninauiiniign diud

'
A

shsdiauesnadudidan dsaenndasiuaunigiuiinid na1nfeans 2 wae 3 Tedireuginduain
lulasiauezneuiireduis anthraquinone JwQANALLAITIANLBNIAALTINNNNTINENS 1 wazans 3 g
aandufianueniaduinnniians 2 ifesanans 3 fheeslsnin Sedirougunadiiviuainas 2 by
2lalaaienda eenslsfnm msazsosiinisAnuitisaduresnisganduuaauaze molar extinction

coefficient saginailn UV-Vis spectrophotometry sialuillaanunsadunsziluanatmunglaua
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P>
unn 4

ayunanIIvnges

(%
% Y o

Tunuidediidedssavanuduialunisdaunsiesians 1,4-bistosyloxy)anthraquinone (1)
Fududumesiiieslunisdansieians 1-(cyclohexylamino)-d-(tosyloxy)anthraquinone (2) k@
1-(anilino)-a-(tosyloxy)anthraquinone (3) Faanunsadunsiziarsiaesladnsauiu lngld
Usunaumandndu 90.2, 79.7 way 33.0% lawans 3 WiuSunamdntosninas 2 iesnnesddudui
nalelildflifivinlelnaendaieiu uaziudulassadralaeldmaia 'H NMR ludunousslufionis
Adavyindianiiolvldidumlensendadasslnsufisenlelnsatanielinnziva duihdusatuans
2 Weaasiien landndmaiidu 1-(cyclohexylamino)-a-hydroxylanthraquinone (4) Tneduuna
anan 32.0% lurugiiufasenlelnsadavesats 3 fdsegszninenisusulgsaniog ielle

[

NANA I NADINTT

= a

419 1, 2 uay 3 NduATIlATEmEe Aune uavdiae Fauwansddnisaandunasding, WWed

!
[y =

IR wazwiod My Jeaenndesivauyfigiuiininliindidaeuginduinduagyilvinisganay
waudeulumeanueneiuiinIndumey 1uiinsssihdelufenisiiluanaidunsgilaludeuss
fumansvendaruaneldueafaioiilldnuduanuesiurgeasawudiduelnsuniaiamue

Taglivsgansamainitweunsiailuunlifingunui
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